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BACKGROUND ™ THF INVENTION 



Fipid nf the Invention 

The present invention relates to a phase-ehange memory device. More particularly, the 
present invention relates to a heater electrode in a chalcogenide memory cell. In particular, the 
5 present invention relates to a lower electrode with increased resistivity. 

Description nf Related Art 

As microelectronic technology progresses, the need has arisen for new data retention 
schemes. One such data retention scheme is the chalcogenide phase-change technology. 
Typically, a phase-change memory device includes a polysilicon lower electrode, also known as 
10 a "matchstick". 

After the formation of a recess in a substrate that exposes an aetive area, a conformal 
introduction of lower electrode material is required. Lower electrode material is typicafty 
polycrystalline silicon. The conformal introduction of lower electrode material that is 
polycrystalline silicon may follow conventional introduction techniques known to those skilled 
,5 in the art including chemical vapor deposition (CVD) techniques. Thereafter, a dopant is 
introduced into the polycrystalline silicon to adjust the resistivity, in one aspect, to lower the 
resistivity of the material. A suitabie dopant is a P-typed dopant such as boron introduced. From 
, he combination of polysilicon and dopant, a silicidauon process is required ,0 form a silicide of 
,he lower electrode. This process typically is a doping, a first anneal, a wet strip, and a second 
20 anneal. 
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After proper doping and fill into the trench, a planarization process is required to remove 
any horizontal component of the lower electrode. Thereafter, a modifier material must be 
introduced into a portion of the lower electrode material to combine and/or react with the lower 
electrode material near the top to form a different material. The modifier is introduced to raise 
the local resistance of the lower electrode material. By modifying a portion of the lower 
electrode material, the resistivity at that modified portion may be changed. Because the 
modifying material is of a higher resistivity, the lower electrode may not provide sufficiently 
suitable ohmic contact between the lower electrode and the volume of memory material for a 
desired application. In such cases, modifying material may be introduced into the lower 
electrode at a depth below the exposed surface of the lower electrode. For example, a lower 
electrode of polycrystalline silicon may have polycrystalline silicon at the exposed surface and a 
modifying material at a depth below the exposed surface. Additionally, barrier materials must be 
added to prevent cross-contamination between the chalcogenide material and the lower electrode. 
Typically, the formation of a barrier requires a nitridation process. 

As low power set and reset processes are preferred, it is desirable to reduce the energy 
requirement for the lower electrode to program the phase-change memory device. 
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ppittf INSCRIPTION ™ THE DRAWINGS 

In order that the manner in which the above-recited and other advantages of the invention 
are obtained, a more particular description of the invention briefly described above will be 
rendered by reference to specific embodiments thereof which are illustrated in the appended 
5 drawings. Understanding that these drawings depict only typical embodiments of the invention 
that are not necessarily drawn to scale and are not therefore to be considered to be limiting of its 
scope, the invention will be described and explained with additional specificity and detail 
through the use of the accompanying drawings in which: 

Figure 1 is a schematic diagram of an array of memory elements according to an 

1 0 embodiment of the invention; 

Figure 2 schematically illustrates a cross-sectional planar side view of a portion of a 
semiconductor substrate having dielectric trenches formed therein defining a z-direction 
thickness of a memory cell in accordance with one embodiment of the invention of forming a 

memory element on a substrate; 
, 5 Figure 3 shows the strueture of Figure 2, through the same eross-sectional view, after the 

introduetion of dopants to form an isolation deviee for a memory element in aceordarree with one 

embodiment of the invention; 

Figure 4 shows the structure of Figure 3 after the introduction of a masking material over 

the structure in accordance with one embodiment of the invention; 
20 Figure 5 shows a schematic top view of the structure of Figure 4.; 

Figure 6 shows the cross-section of the structure of Figure 4 through line B-B'; 



Figure 7 shows the structure of Figure 5, through the same eross-sectional view, after the 
patterning of the x-direetion thiekness of a memory cell.the introduetion of a dopant between the 
cells, and the introduction of a dielectric material over the structure; 

Figure 8 shows the structure of Figure 7, through the same cross-sectional view, after the 
formation of trenches through the dielectric material in accordance with one embodiment of the 



invention; 



10 



Figure 9 shows the structure of Figure 8, through the same cross-sectional view, after the 
introduction of an electrode material over the structure in accordance with one embodiment of 
the invention; 

Figure 10 shows the structure of Figure 9, through the same cross-sectional view, after 

planarization down to the lower electrode; 

Figure 11 shows the structure of Figure 10, through the same cross-sectional view, after 
an etch back to form a prominence of an upper section of the lower electrode; 

Figure 12a shows a detail section taken from Figure 11 to illustrate structure with 

1 5 increased resistivity in the upper section; 

Figure 12b shows an alternative embodiment of an increased resistivity structure; 
Figure 13 shows one embodiment of forming a second dielectric film over the upper 
section; 

Figure 14 depicts further processing to expose an upper surface in the lower electrode 
20 upper section; 

Figure 15 shows the structure of Figure 14, through the same cross-sectional view, after 
the introduction of a volume of memory material and second conductors over the structure, in 
accordance with one embodiment of the invention; 
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Figure 16 shows the structure of Figure 15, through the same eross-seetional view, after 
the introduction of the dielectric material over the second conductor and a third conductor 
coupled to the first conductor in accordance with an embodiment of the invention; and 

Figure 17 shows a graphical representation of setting and resetting a volume of a phase 
5 change memory material in terms of temperature and time. 
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^ . ,. .n nitsrRIPTION OF THF. INVENTION 

The invention reiates to a memory device that is used with phase-change material to 
ntemorialize data storage. The device uses a lower electrode material .ha. is referred .0 as a 
.■ma.chs.iek". The inventive process inclndes providtng a lower electrode in a first dielectric 

5 fihn that has an upper section and a lower section. A portion of the first dielectric film is 

removed to cause the upper section to form a prominence. Thereafter, resistivity is increased in 
the upper section. A second dielectric film is formed over the upper section and either a spacer 
etch or a p.anarization is carried out to expose the upper section in a cop.anar configuration with 
me second dielectric film. Thereafter, a volume of phase change memory material may be 

1 0 formed over the exposed portion of .he upper seclion. Either a high resistivity metal compound 
may be used as the lower electrode, or a polysilicon compound may be used. 

The following description inc.udes terms, such as upper, lower, first, second, etc. that are 
used for descriptive purposes only and arc no. to he construed as limiting. The embodiments of 
an apparatus or article of the present invention described herein can be manufactured, used, or 
15 shipped in a number of posttions and orientation. Reference will now be made to the drawings 
whe re in like structure* wiU be provided with like reference designations. In order to show the 
structures of the present invention most clearly, the drawings included herein are diagrammatic 
representations of integrated circuit structures. Thus, the actua. appearance of the fabricated 
structures, for example in a photomicrograph, may appear different while still incorporating the 
2 „ essentia, structures of the present invention. Moreover, the drawings show only the structures 
necessary to understand the present invention. Additional structures known in the art have not 
been included to maintain the clarity of the drawings. 
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Figure 1 shows a schematic diagram of an embodiment of amemory atray comprised of 
a plurality of memory elements presented and formed inthe con.ex. of .he invention, to this 
example, .he circni. of memory array 5 includes an array with memory Cement 30 e.ectrical.y 
interconnected in series with isolation device 25 on a portion of a chip. Address ,ines 10 (e.g., 
columns) and 20 (e.g., rows) are connected, in one embodiment, U> externa, addressing circuitry 
in a manner known to those skilled in the art. One purpose of .he array of memory elements in 
combination with isolation devices is to enable each discrete memory e.ement to be read and 
written without interfering with the information stored in adjacen, or remote memory elements of 
the array. 

A memory array such as memory „ay 5 may be formed in a portion, inc.uding .he entire 
portion, of a subs. t a.e. A typical substrate includes a semiconductor substrate such as a silicon 
substrate. Other snbs.ra.es tnc.uding, but no, .imited to, snbstia.es .hat con.ain ceramic materia!, 
organic materia,, or glass materia, as part of the infra— are a,so suitable. In the case of a 
silicon semiconductor snbsfrate, memory array 5 may be fabrica,ed over an area of me substrate 
U a. the wafer level and men me wafer may be reduced through singulation into discrete die or 
chips, some or a„ of the die or chips having a memory anay formed .hereon. Additional 
addressing circuitry such as sense amplifiers, decoders, etc. may be formed in a simi.ar fashion 

as known to those of skill in the art. 

Figures 2-15 illustrate the fabrication of representative memory element 15 of Figure 1. 
20 Figure 2 shows a portion of substrate ,00 that is, for example, a semiconductor substrate. In mis 
example, a P-.ype dopant such as boron is introduced in a deep portion 110. m one examp.e, a 
s„„ab,e concentration of P-type dopan. is on theorde, of above 5x,0»-lx,0>° atoms per cubtc 
centimeters (atoms/cm') rendenng deep portion , ,0 of substrate ,00 representatively P" 
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Overiyingdeep portion . 10 of substrate 100, in this example, is an epitaxial portion 120 of P- 
W e ep.taxia, silicon. In one examp.e, .he dopan, concentration in epitaxia. portion 120 is on .he 
order of about 10'Mo" a.omsW. The introduction and formation of epitaxial portion 120 as 
P-type and deep portion 11 0 may follow tectariques known to those of skill in the art. 
5 F.gure 2 a,so shows ftrs. shaUow bench iso,a,ion (STI) structures 130 formed in ep.taxia. 

portion 120 of substrate .00. As wffl beeome apparent in the subsequent discussion, STI 
structures .30 serve, in one aspeet, .o define the .direction thickness of a memory e.emen, ee... 
with at this point on.y .he Erection fitiekness of a memory e.emen. cel. defined. In another 
aspect, ST. structures .30 serve to iso„e individua. memory elements from one another as weU 
,0 as associated circuit dements such as tranststor devices formed in and on substrate 100. STI 
structures 130 are formed according to techniques known to those skilled in the art. 

Fig „ re 3 shows the structure of Figure 2 after a fitrther fabrication operation in memory 
cefi regions 135A and 135B. In one embodiment, memory cel. regions 135A and 135B are 
introduced as snips with the x-direction dimension ^eater .ban the .direction dimension. 
15 Overlying epitaxia, portion .20 of substrate .00 is firs, conductor or signa, fine matena, .40. In 
one example, firs, conductor or signa. line material .40 is N-type doped sihcon formed by .he 
introduction of, for example, phosphorous or arsenic .o a concentration on the order of about 
■ 0'MO" atoms/cm' such as silicon. In .bis examp.e, firs, conductor or signa. line matenal 
140 serves as an address line, a row line such as row fine 20 of Figure .. Overlying firs, 
20 conductor or signa, line ma.erial 140 is an isolation device such as isolation device 25 

, m one examp.e, isolation device 25 is a PN d.ode formed of N-.ype silicon portion .50 thai 
may have a dopan. concentration on .he order of about 10»..0« atoms/cm* and P,ype silicon 
portion .60 that may have adopant concentration on the order of about .0»-10» atoms/cm*. 
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Although a PN diode is shown, i. is to be appreciated that other isolation structures are similarly 
suitable. Such isolation devices include, but are not limited to, MOS devices. 

Referring to Figure 3, overlying isolation device 25 in memory cell regions 135A and 
135B is a reducer material 170 of, in mis example, a refractory metal silicide such as cobalt 
silicide (CoSi,). Reducer material 170, in one aspect, serves as a low resistance material in the 
fabrication of peripheral circuitry such as addressing circuitry of .he circuit structure on the chip. 
Thus, reducer material 170 may no. be required in terms of forming a memory elenten. as 
described. Nevertheless, because of its low resis.ance property, its inclusion as part of the 
memory cell s«ruc.ure between isolation device 25 and memory e.emen. 30 is utilized in mis 
embodiment Additionally, because of its e.ch stop property, additional Urography processes 
are not required to mask it off from the memory cells. 

Figure 4 shows the structure of Figure 3 after the induction of a masking ma,erial 180. 
As wifl become clear later, masking materiaf 180 serves, in one sense, as an etch stop for a 
subsequent e,ch operation. Figure 5 schematically shows memory celt regions f 35A and f35B 
inanxzpfane. Overlying the memory cef, is masking material 180. Figure 6 shows a cross- 
sectional side view of memory cell region 135A through line B-B' of Figure 5 in an xy 
perspective. In one embodiment a suitable material for masking materia. 180 is a dielectric 
material such as silicon nitride W allhongh Cher material may be used such as silicon 
oxynitiide (SWVU in bolh stoichiometric and solid solution ratios. 

Figure 7 shows the structure of Fignre 6 from an xy perspective after patterning of the x- 
direction thickness of the memory cell material to form a trench .90. Fignre 7 shows two 
memory cells 145A and 145B patterned from memory cell region 135A depicted in Fignre 5. 
The patterning may be accomp.ished using convention, .eclutiques for e.ching, in .his example, 
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refractory metal suicide and silicon materia, to the exclusion of masknrg material 180. The 
definition of the x-direction thickness invoWes, in one embodiment, an etch ,0 conductive 
material 150 (N-type silicon tn this embodiment) of the memory line stack ,o define memory 
ce.ls 145A and .453 of memory cell region 135A. In the ease of an etch, .he etch proceeds 
5 through fire memory line stack .0, in mis examp.e, a portion of a conductor or signal fine that is 
in this case conductive materia. .50. A rimed etch may be utilized to stop an etch a. this point. 

Mowing me patterning, N-.ype dopant is introduced at the base of each trench 190 to 
form pockets 200 havmg a dopant concentration on me order of about 10»-ld» atoms/em' to 
form an N* tegion between memory ceUs 145A and 145B. Pockets 200 serve, in one sense, to 
, o main* continuity of a row hue and to reduce the ,ow resists. Dielectric materia, 2, 0 of, for 
examp,e, sfiicon dioxide materia, is then introduced over .he structure to a thickness on the order 
of,00Ato50,000A. 

Figure 8 shows the structure of Figure 7 after the formation of trenches 220 through 

, 5 trenches 220 may be accomplished using etch patterning with an etcham(s) for etching dielectrtc 
materials 210 and 180 and selective to reducer materia! 170 such tha, reducer material 170 may 
serve as an eteh stop. As such, dielectrie material 210 forms what may be characterized as a 
container dielectric 2.0. Trench 220 may be referred to as a recess that is formed in first 
die.ec.ric 2,0 to expose a. .east a portion of the memory eel, stack as illustrated in Fi g «fe 9. 
20 Afthough the recess is referred to as trench 220, the type of recess maybe selected from a 
substantial* circute recess, a rectangular (square) recess, and a trench recess. 

Figure 9 illustrates the inventive process of forming a lower electrode in a phase-change 
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structure of Figure 8 after the conformal introduction of a rower electrode material 230 that may 
be referred to as a metal compound film or alternatively as a polysilicon film. 

The material of lower electrode material 230 is preferably a high resistivity metal 
compound such as a metal nitride, a refractory metal nitride, a metal silicon nitride, a refractory 
m etal silicon nitride, a metal silicide, and a refractory metal suicide. In one example, lower 
electrode material 230 is a refractory metal nttride compound such as tantalum nitride (Ta,N y ) 
that, depending upon the desired resistivity, may be provided in either stoichiometric or other 
metal compound film solid solution ratios. 

The introduction is conformal in the sense that lower electrode materia. 230 is introduced 
along the side walls and base of trench 220 such that lower electrode materia. 230 is in contact 
with reducer materia.. Lower e.ectrode materia. 230 includes a meta. and a. leas, one of nitrogen 
or silicon. A given blend of metal compound may be accomplished by chemical vapor 
deposition (CVD) of a, leas, one constituent of nitrogen and siheon in connection with the metal. 
Preferably, the composition of lower e.ectrode materia. 230 is control.ed by feed stream amounts 
to a CVD tool. Depending upon the specific embodiment, other CVD teehniques may be used 
such as plasma enhanced CVD (PECVD). 

In another embodiment, the formation of lower electrode material 230 is carried about by 
physical vapor deposition (PVD) and a targe, is selected that has a preferred composition for me 
final metal compound film. Alternatively, a plurality of targets may be combined to achieve a 
0 preferred metal compound film composition, to Cher PVD or CVD, coverage as defined as the 
ratio of wall deposited thickness to top-deposited thickness, is in a range from about 0.25 to 
about ., and preferably above 0.5. to Ore present invention, CVD formation of lower electrode is 
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preferred. Where lower electrode 230 is a high resistivity metal compound film, the metal 
compound may also he a refractory metal compound film tantalum nitride, titanium nitride, 
tungsten nitride, tantalum silicon nitride, titanium silicon nitride, and tungsten silicon nitride. 
The metal compound, where it is a metal nitride, may have the formula M,N y , wherein x and y 

5 are configured for both stoichiometric and solid solution ratios. The metal compound, where it is 
a metal silicon nitride, may have the formula MAN,, wherein x, z, and y are configured for 
both stoichiometric and solid solution ratios. Where lower electrode 230 is a polysilicon film, it 
may be doped in situ during formation thereof, or it may be doped subsequent to formation 
thereof. In any event, doping is carried on. to an extent that allows for Joule resistive heating 

10 therein sufficient to achieve a melt temperature of the phase change memory material. 

Where a metal nitride is selected fur lower electrode material 230, the metal may be 
selected from Ti and Zr and the like. It may also be selected from Ta and Nb and the like. It 
may also be selected from W and Mo and the like. It may also be selected from Ni and Co and 
the like. The metal nitride is preferably a refractory metal nitride compound of the formula 
,5 M*Ny. The ratio of M:N is in a range from about 0.5:1 to about 5:1, preferably from about 0.6:1 
to about 2:1, and most preferably about 1:1. For example, one embodiment of the present 
invention is a Ta.N, compound in .he ratio from abou. 0.5:1 to abou. 5:1, preferably from abou. 
0.6:1 .o abou. 2:1, and most preferably abou. 1:1. Another example of an embodiment is a W,N y 
compound in the ratio from about 0.5:1 to abou. 5:1, preferably from abou, 0.6:1 to abou. 2:1, 
20 and most preferably about 1:1. 

in another embodiment of the invention, lower electrode material 230 may be a metal 
silicon nitride compound. The metals may be selected from me metal may be selected from Ti 
and Zr and the like. I. may also be selected from Ta and Nb and the like. I. may also be selected 
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from W and Mo and .he like. It may also be se.ec.ed from Ni and Co and .he like. The metal 
silieon nitride componnd may have the formula M,SuN y , and wherein the ratio of M:Si:N is in a 
range from about 1:0.5:0.5 .0 about 5:1:1. Preferably, the ratio is in a range from about 1:1:0.5 
.o 1:0.5:1, and most preferably about 1:1:1. In one embodiment, a lower eleetrode material 
5 compound is W in a ratio from abou. i :0.5:0.5 .o about 5:1:1, preferably from about 
1 : 1 :0. 5 to 1 : 0.5 : 1 , and most preferably about 1 : 1 : 1 . 

In another embodiment, the lower electrode may be a metal silicide compound. The 
metaU may be selected from the metal may be selected from Ti and Zr and .he like. I. may also 
be se.ec.ed from Ta and Nb and the like. „ may also be selected from W and Mo and me like. I. 
10 may also be selected from Ni and Co and tire like. The metal silicide compound may have the 
formula M,Si, wherein the ratio of M:Si: is in arange from about 0.5:1 to about 5:1. In one 
embodiment, a lower electrode material compound is Ti,Si y in a ratio from about 0.5:1 to about 
5:1, preferably from about 0.6:1 to about 2:1, and most preferably about 1:1. In another 
embodiment, a lower e.ectrode material compound is W,Si y in a ratio from abou. 0.5:1 lo abou. 
15 5:1, preferably from about 0.6:1 to about 2:1, and most preferably about 1:1. 

Figure 10 illustrates the structure depicted in Figure 9 after further processing. A filler 
dielectric 250 is fomted in trench 220 and a planarization process is carried out that establishes a 
new upper level 252 of semiconductor structure 100. In one non-.imi.ing embodiment, filler 
dielectric 250 may be formed by chemical vapor deposition of SiC, by high density plasma 
20 (HDP) such as a .efra ettryl ortho silicate (TEOS) process and the like. The planarization process 
may be accomplished by methods such as chemical mechanica. planarization (CMP), mechanica. 
planarization, and the like. Removal of material may be accomplished by methods such as 
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.softopic etchback, anisotropic etchback, and the Uke. In one etchback embodiment, a plasma 
etch is carried out under etchback conditions that are knowu. 

Dielectric material 210 and filler dielectric 250, for purposes of this section of the 
pr „cess, may hereinafter be characterize* as a firs, dielectric film. Figure 11 il.usfta.es removal 
5 „f a portion of.be first dielectric film (dielectric materia! 2.0 and filler die.ecftic 250). Remova. 
of materia, may he accomplished by methods such as isotropic etchback, anisotropic etchback, 
and the like. After etch back, lower e.eeftode 230 may be characterized as an upper section 232 
and a lower section 234. Upper section may be characterized as a prominence. 

Figure 12a is a detail section taken along the section Hue .2-12 from Figure 1 1 .ha, 
,0 illustrates further processing. Resistivity in upper section 232 is increased according to the 
pre sen, invention. Resistivity may be increased by a number of processes and e q uiva.en,s. fn 
one process, a .herma, .reatmen. is carried out in the presence of a substance tha, wil. have an 
effect of causing upper section 232 ,0 be more resistive, fn one embodiment, a .hermal treaftnen, 
may be carried on, in an oxidizing aftnosphere. Where upper section 232 is a metal compound 
,5 ftim or a refractory metal compound fihn such as tantalum nitride, upper section 232 may form a 
task 233 of substat.ia.ly die.ecftic .antalum oxy*itiride. Husk 233 is therefore substantially 
non-conducting. Addi.iona.ly, bene* busk 233 .here may he a transition section 236 wherein 
upper section 232 is ftansttioning ffom a substantial* unoxidized core 23S. The composition 
ff adien. may be observed by beginning a, a symmetry Hue 235 of upper section 232, and moving 
20 laterally toward a latera. surface 237. The composition gradient may also be observed in reverse 
order by taking look a. latera, surface 237 of upper section 232 and .ending toward symmetry 
line 235 thereof. 
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Another method of increasing resistivity of upper section 232 is to conduct an etch 
(hereof. The etch may be an isotropic etch wherein material removai a, comer surfaces is faster 
than on flat surfaces, or the etch may be a face, etch thereof. Figure Ub iUus.ra.ea upper section 
232 after a face, etch although an isotropic etch will accomplish a pointed profile that is 
5 charae.eris.ic of isotropic etching of a prominence. An isotropic etch profi.e for the purposes of 
this disclosure may be referred .o as a faceted configuration. By either etch technique, although 
compositional resistivity is no. changed if lower electrode 230 is not conditionally altered, me 
Unea. resistivity is increased a, the facet tip 240. In other words, although lower electrode 230 
may no, be conditionally altered, bemuse the sante current that flows through lower section 
,0 234 must also flow through upper section 232 a. face, tip 240, Joule heating through facet tip 240 
will be greater because of its face, configuration. Similarly, referring hack .0 Figure 12a, Joule 
heating in unoxidized core 238 is increased. 

Fignre 12c illustrates upper section 232 after a deposition of a high resistivity film 244. 
ta one embodiment, high resistivity film 244is a chemical vapor deposition (CVD) 
15 nitride (Ta,N y ) that may be provided in both stoichiometric and solid solution ratio, In one 
embodiment, high resistivity film 244is a chemical vapor deposition (CVD) of , itanium silicon 
nitride (TixSizNy) .hat may be provided in bo.h stoichiometric and solid solution ratios. 
Following tire formation of high resistivity film 244, a thermal process may be carried out such 
as thermal oxidation of high resistivity film 244. Where thermal oxidation is carried out, oxygen 
20 may diffose into high resistivity film 244 in contrast to an oxide-meta, interface that may occur 
i„ the embodiment depicted in Fignre 12a. In some applications, an increased resistivity that 
results from a composition^ change depicted in Figure 12c may be preferred over purely 
geometry effects. 
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Figure 13 illustrates the structure depicted in Figures 1 1 and 12 after further processing. 
Following increasing resistivity, a second dielectric film 242 is formed over upper section 232. 
Thereafter, a portion of second dielectric Elm 242 is removed to expose an upper surface 246 of 
upper section 232. Preferably, upper surface 246 is substantially coplanar with the second 
d,electric film upper surface 248. By substauttally coplanar, it is preferably meant that at least an 
area on second dielectric film upper surface 248 adjacent thereto is about as wide as upper 

section upper surface 232. 

Figure 14 illustrates second dielectric film upper surface 248 and the substantially 
coplanar upper surface 246 of upper section 232 in greater detail. In Figure 14, a distance, S, is 
depicted as defining the width of upper section 232 as it is exposed through second dielectric 
film 242. Substantially coplanar thereto is about at least the same distance S' across second 
Electric film upper surface 248. Distance S' may be smaller or larger than distances. Whereit 
is smaller, distance S' may be smaller than distance S in a range from about 10% to about 1 00%, 
and alternatively from about 30% to about 80%. 

In order to achieve both upper surface 246 of upper section 232 and second dielectric 
film upper surface 248, a plantation process is carried out. Preferably, a spacer etch is carried 
out on second dielectric film 242. More preferably, the spacer etch will remove substantially 
completely oxidized material in upper section 232 to form an exposed lower electrode core 252, 
an exposed lower electrode transition section 254 if present, and an exposed lower electrode 
dielectric husk 256 if present. Optionally, the spacer etch may be incorporated into a pre-clean 
process prior to introduction of the volume of memory material. Such a pre-clean of upper 
section 232 may be a combination of a wet etch and a sputter etch. 
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In another embodiment, instead of patterning a spacer precursor over upper section 232, a 
blanket second dielectric film 242 is formed over substrate 100. CMP may be carried out to 
remove a portion of second dielectric film 242, however, as with a spacer etch with a spacer 
precursor, a plasma etch is preferred. In either embodiment, spacer etching conditions are well 
5 known in the art and may be selected depending upon desired selectivities in relation to specific 
structure sizes and compositions of second dielectric film 242. 

Figure 15 shows the structure of Figure 14 after the introduction of a volume of memory 
material 290 (represented as memory element 30 in Figure 1). In one example, memory 
material 290 is a phase change material. In a more specific example, memory material 290 
10 includes a chalcogenide element(s). Examples of phase change memory material 290 include, 
but are not limited to, compositions of the class of tellerium-germanium-antimony (Te x Ge y Sb z ) 
material in both stoichiometric and solid-solution ratios. The volume of memory material 290, in 
one example according to current technology, is introduced and patterned with a thickness on the 
order of about 600A. It can be seen that within memory material 290, a smaller section of 
1 5 memory material 292, also referred to as the mushroom 292 is the portion that is set and reset 
principally by exposed lower electrode core 252. The dimension of mushroom 292 may be 
smaller than dimensions achieved in the prior art but there remains no conductive shunt of set 
chalcogenide material when the volume of memory material is in the re-set phase. Because the 
actual dimension of the upper section at the interface with the phase-change material is reduced, 
20 the amount of the volume of memory material 290 is reduced that must be set and reset. Further, 
because of the smaller amount that must be set and reset, a lower energy draw is required which 
will prolong use when a system that uses the invention is in a battery-operated configuration. 
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Additionally, because of the modified resistivity in the tip of upper seetion 232 a more efficient 
Joule heating occurs in the lower electrode. 

Overlying the volume of memory material 290 in the structure of Figure 16 are barrier 
materials 300 and 3.0 of, for examp.e, titanium (Ti) and titanium nitride (TiN), respectively. 
Barrier materia, serves, in one aspect, to inhibit difmsion between the volume of memory 
materia. 290 and second conductor or signal line material overlying the volume of memory 
materia. 290 (e.g., second electrode 10). Overlying barrier materials 300 and 310 is second 
conductor or signal fine materia. 31 5. to mis example, second conductor or signal fine material 
315 serves as an address line, aco.umn line (e.g., column line 10 of Figure 1). Second 
conductor or signal line material 315 is patterned to be, in one embodiment, generally orthogonal 
,0 firs, conductor or signa. line materia. 140 (co.umn lines are orthogona. to row Hues). Second 
conductor or signal line material 315 is, for example, an aluminum material, such as an 
aluminum alloy. Methods for the introduction and patterning of the barrier materials and second 
conductor or signa. linematerial 315 include such techniques as known to those of skill in the 



art. 



Figure 16 shows the structure of Figure 15 also after the introduction of dielectric 
materia. 330 over second conductor or signal line material 3.5. Dielectric material 330 is, for 
example, Si0 2 or other suitable material .ha. surrounds second conductor or signal line material 
3,5 and memory materia. 290 to electronically isolate such structure. Following introduction, 
0 dielectric matenal 330 is p.anarized and a via is formed in a portion of the structure through 
dielectric materia, 330, dielectric materia. 2.0, and masking materia, .80 to reducer materia, 
,70. The via is filled with conductive material 340 such as tungsten (W) and barrier material 
350 such as a combination of titanium (Ti) and titanium nitride (TiN). Techniques for 
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introducing dielectric material 330, forming and filling conductive vias, and planarizing are 

known to those skilled in the art. 

The structure shown in Figure 16 also shows additional conductor or signal line material 
320 introduced and patterned to mirror that of first conductor or signal line material 140 (e.g., 
5 row line) formed on substrate 100. Mirror conductor line material 320 mirrors first conductor or 
signal line material 140 and is coupled to first conductor or signal line material 140 through a 
conductive via. By mirroring a doped semiconductor such as N-type silicon, mirror conductor 
line material 320 serves, in one aspect, to reduce the resistance of conductor or signal line 
material 140 in a memory array, such as memory array 5 illustrated in Figure 1. A suitable 
10 material for mirror conductor line material 320 includes an aluminum material, such as 
aluminum or an aluminum alloy. 

In the above description of forming a memory element sneh as memory element 15 in 
Fig-re 1, metal compound film 230 is an eleetrode and is described between a memory material 
and conductors or signal lines (e.g., row lines and cotamn lines) that has improved electrical 
,5 characteristics. In the embodiment described, the resistivity of the electrode is selected to make 
a given metal compound film 230 as set forth herein. In this manner, a supplied voltage tarn 
second conductor or signal line material 320 or first conductor or signal line material 140 to the 
memory materia. 290 may be near the volume of memory material 290 and dissipation of energy 
,0 cause a phase change may be minimized. The discussion detailed the formation of one 
20 memory element of memory array 5. Other memory elements of memory atray 5 may be 
fabricated in the same manner. It is to be appreciated that many, and possibly all, memory 
elements of memory array 5, along with other integrated circuit circuitry, may be fabricated 
simultaneously. 
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Fignre 17 presents a graphical representation of the setting and resetting of a vohrme of 

messed by cohrmn „ne 10a and row line 20a) involves, in one exanrp!, supplying a voltage 

5 Figure , or memory materia, 290 as iflustrated in Fignte .2. The enrren, canses a temperature 
urease a, the volume of memory materia, 30. Referring to Figure .3, to amorphic a volume 
of memory materia,, the volume of memory materia, is heated «o a temperamre heyond the 
amorphis,,ng temperature, T M . Once a temperature heyond T M is reached, the vo,„me of 

10 is accomphshed at a rate, „ tha, is fas,er man the rare at which the voiume of memory matena, 
30 can crystalhze so that the volume of memory materia, 30 retains its amorphous state. To 
crystallize a vo,ume of memory materia, 30, me temperature is raised by current flow to the 
citron temperamre for the materia, and retained at thattemperatme for a snffleient „me 
* crys«a„ize me materia,. After such time, the vo.nme of memory materia, is auenched (by 

1 5 removing the current flow). 

to each of these examples of resetting and setting a vohrme of memory materia, 30, the 
, m po rt ance of concentrating the temperate delivery a, the volnme of memory materia, 30 is 

Unstated. One way this is accomphshed is modifying a portion of the CeCrode as descnbed 
aooveTheinsetofFigurenshowsmemoryceH^havrnganelectrodewimmodiftedportton 

M 35 (iflustrated as a resistor) to concentrate bet (current) a, the volume of memory matena, 30. 
ta the preceding example, the vo.ume of memory materia, 30 was heated to a high 
temperature to amorphic the material and reset the memory Cement ( e.g„ program 0). Heatmg 
ta volume of memory materia, to a lower conization temperamre cruizes the matena, 
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and sets the memory element (e.g., program 1). It is to be appreciated that the association of 
reset and set with amorphous and crystalline material, respectively, is a convention and that at 
least an opposite convention may be adopted. It is also to be appreciated from this example that 
the volume of memory material 30 need not be partially set or reset by varying the current flow 
and duration through the volume of memory material. 

It will be readily understood to those skilled in the art that various other changes in the 
details, material, and arrangements of the parts and method stages which have been described 
and illustrated in order to explain the nature of this invention may be made without departing 
from the principles and scope of the invention as expressed in the subjoined claims. 
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